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1. Introduction

The International Committee for Radionuclide
Metrology (ICRM) held its biennial conference at NIST

regions represented are from North and South America,
Europe, Asia, Russia, and Africa.

The inspiration to form the ICRM derived from the
need to bridge the gap between sophisticated atugfir
cal work in radioactivity and its applications at the user
level. Increasingly, the realization of the potential for
medical uses of radioactivity and the massive efforts to
clean up the environment have called for international
cooperation for which ICRM has been the major metro-
logical vehicle.

The activities of ICRM are largely the responsibility
of its working groups. At present there are seven such
groups: a-particle spectrometryy- and p-ray spec-
trometry, life sciences, liquid scintillation, low-level
measurement techniques, nuclear data, and radionuclide
metrologytechniques. Critical problems are investigated
by these groups through specific actions, such as the
improvement and categorization of all nuclear data
relating to the nuclear fuel cycle, and many others. The
conference helped focus the efforts of these groups and
define needed future actions in the context of emerging
techrologies andapidly changing needs.

Future concerns of the ICRM working groups in-
clude the development of liquid scintillation counting
for the measurement of low-ener@yparticle emitting

on May 18-23, 1997, celebrating its 25th anniversary as radionuclides, the development of mass spectrometry as

the central international organization in radionuclide
metrology. It was the first time that the conference has
been held in this country.

The ICRM explicitly aims at being a forum for the
dissemination of information on techniques, applica-
tions, and data related to the field of radionuclide
metrology in order to advance international coopera-
tion. Forty-two national and international scientific

a tool in the low-level measurement of long-lived low
energy x- and3-particle emitters, the development of
the digital recording system in coincidence counting,
and the implementation of a uniform traceability system
internationally as a means of utilizing the system of
equivalence of radioactivity standards being developed
under auspices of the BIPM.

institutions are members, representing not only national 2. Conference Summary

metrology laboratories but international cooperative

groups such as the International Bureau of Weights and To accommodate the large humber of papers with-

Measures (BIPM), EURATOM, the International
Atomic Energy Agency, and EUROMET (the metrol-
ogy organization for the European community). The
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out having parallel sessions, the papers were divided
into oral presentations and posters. In addition to the
79 papers contained in the proceedings, there were
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approximately 15 other (non published) presentations
made during the deliberations of the working groups.
The following is a summary of the papers included in
the proceedings.

2.1 Liquid Scintillation Counting

Liquid scintillation counting has become the most
used method for direct measurement of activity in

2.2 Radiation Detectors

Work on radiation detectors has aimed at the improve-
ment of the techniques for metogy work to meet new
requirements for accuracy, energy resolution, increased
sensitivity at low levels of radioactivity, and improve-
ment of pulse rate analysis at high counting rates.

A silicon-lithium (SiLi) detector was calibrated
employing synchrotron radiation in the 1 keV to 7 keV

recent years and much fundamental work has beenrange. The calibration by means of a pure light source,

performed to establish its reliability. Nevertheless, there
are important areas which need additional information
to expand its capability and develop more effective

rather than calibrated low-energy x or y rays, allowed
the processing of low-energy x-ray spectra with im-
proved knowledge of the SiLi response, thus revealing

methodologies. Some of the more important concerns the importance of secondary phenomena such as radia-

were dealt with in the symposium including measure-
ment of low-energy x- anf-emitters, Cerenkov count-
ing, and the triple-to-double coincidence ratio and
Centro de Investigaciones Enétigas, Medioambien-
tales y Techigicas (CIEMAT)/NIST methods.

For the low-energyB- and x-ray emitting radio-
nuclides,*Fe was calibrated by an efficiency calcula-
tion method using the-ray emitting®*Mn as a tracer
from which the detection efficiency was calculat&dy,
was standardized by the CIEMAT/NIST method which
was studied for both organic and inorganic salts in four
commercial scintillation cocktails. The massic activity
of a solution of ®*Tc was studied using°Co as an
efficiency tracing radionuclide. Measurements were
made at the same time using conventionaB4iquid
scintillation (LS) counting. Based on a comparison of
these two methods, it was demonstrated thaptspec-
tral shape factor is a critical consideration when calcu-
lating the 4B efficiency. In the context of discrepan-
cies in an international intercomparison of®Ni
solution, the stability of sources in ultima gold liquid
scintillation (LS) cocktail was investigated by varying
Ni** carrier concentration in the aqueous phase, HCI

tive Auger emission and satellite lines. Two papers
discussed the use of an imaging plate in the measure-
ment of radioactivity. One examined plutonium contam-
inated soil for hot particles and showed that they also
contained silicon and iron. The other sought to decrease
the measurement uncertainty (in this case by 10 % to
2 %) of the method by repetitive measurements of the
same exposure. Three papers dealt with improvements
in pulse processing. An instrument was developed to
measure the interval-time distribution of nuclear detec-
tor signals. The disintegration rate of a source was
obtained from an exponential fit through the interval-
time distribution. A second paper described the evalua-
tion of counting losses due to small pulses in a window-
less proportional counter. Another paper described a
technique for the automatic compensation of dead time
effects by artificially generating lost pulses and auto-
matically adding them to the wave train. The bolometer
is a technique which has great potential for the accurate
measurement of low-energy photons due to two major
advantages over competing devices: (i) the ultimate
energy resolution is 100 times better than those obtained
with conventional detectors and (i) there is no window

concentration in the aqueous phase, and aqueous maser dead layer effect. A paper described work with such

fraction in the LS cocktail.

An improved Cerenkov standardization method was
reported. A new expression for the Cerenkov counting
efficiency was derived assuming that the Poisson law

a device in the temperature range of 30 mK using
sources in the 5 keV to 6 MeV range. For the measure-
ment of low-energyB-particle emitters in a window-

less, gas-flow proportional counter, control of the pres-

describes the generation of photoelectrons by the photosure is critical because the high voltage plateaux are

cathode. The radioactivity measurement of the short
lived radiopharmaceuticaf®Re by Cerenkov counting
was also reported®*Ce was standardized by the triple-
to-double coincidence ratio method. Since dominant
interaction between both K x rays andays for**Ce
and the LS cocktail is due to the Compton effect, it was

necessary to develop a new detection efficiency calcula-

tion program in order to determine the spectrum of the
Compton electrons in the scintillator.
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very sensitive to the gas density. A paper described a
gain stabilization technique which was achieved by a

two-stage backpressure regulation system that controls
the pressure between 0 MPa and 6 MPa. Finally, in this
group, an improved version of the phoswich detector

was described. Various scintillators and optical filters

were tested and the characteristics of systems using
them are reported.
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2.3 Counting Techniques 2.4  Spectral Analysis

This section includes new developments in what is  Analysis ofa-, y-, and x-ray spectra has always been
arguably the basic mission of the radionuclide metrolo- an inexact science because the physical basis for the
gist—to provide archival calibrations of radionuclides shape of the tails is undeveloped and the analytical
and the methaalogies bywhich this may be achieved, description has to be assumed. In a previous ICRM
including new techniques. symposium, an attempt was made to derive such a phys-

One of the most important new developments in ical basis with some success farparticle spectra in
recent years, variously called a digital or pulse recording solid state detectors. The present meeting did not report
system, was described in three papers. The system con-on further work along these lines but did explore fitting
tinuously samples and stores pulse trains from radiation functions, uncertainties in spectral analyses and applica-
detectors, categorizing the individual pulses and mark- tion of such analyses. Two papers dealt with the evalua-
ing them in time. Coincidence or anticoincidence analy- tion of pulse shaping to determine (i) pulse pileup dis-
sis can be performed upon the stored information using tortion and its effect on experimental uncertainty, and
appropiately designed computer software programs. (ii) the use of pulse shaping to discriminate between
Results for*Mn, *’Co, and®Sr were described in two  Cerenkov events and scintillation events in a liquid scin-
of these papers. Data acquisition time can be reduced bytillator, improve energy resolution in Cd Te detectors,
at least an order of magnitude. This method is particu- direction sensing of charged particles in proportional
larly advantageous when it is not possible or practical to counters, and discrimination of wall effects®ide pro-
make repeated counts on the same source due to veryportional counters. Two papers dealt with particle

short half life or due to very low source activity. spectrum analysis—one evaluated a fitting function that
A number of radionuclide calibrations were described described the tails and the other made estimates of
as follows: analytical uncertainties. The uranium enrichment mea-

surement by x- ang-ray spectrometry was described.

A computer routine called COSPAJ has been developed

that can be used in low-levet andvy-ray spectral mea-

surements. Finally, a Monte Carlo code was developed

o OMAq 7PSe, %9Yh: B efficiency extrapolation  and used for the analysis ofr4 ionization chamber
method response in the energy region below 200 keV.

« Co: source preparation and disintegration rate
measurement for the efficiency calibration-~pfay
detectors

222 . . .
. Rn: measurement of the progenies with a Ge 25 Source Preparation
spectrometer

This session was very short consisting of only five
accepted papers, possibly because much of the efforts in
« %Ay (in gold foil): 4wB-y coincidence method source preparation are in the liquid scintillation counting
area described earlier. Two papers described the devel-
opment of membranes to perform specialized tasks in
the measurement process—the first demonstrated con-
ducting membranes which can be used4y coinci-

It was demonstrated that correlations (or equivalent dence counting experiments, and the second uses a
covariances) can play a major role in determining uncer- semi-permeable membrane to prevent the co-deposition
tainties in radioactivity counting. Examples were given. of platinum eroded from the anode onto the stainless
The photonuclear production of radionuclides with a steel planchet thus reducing the source thickness. The
7 MeV to 32 MeV electron linac was described to pro- other papers can be generally characterized as dealing
duce neutron deficient nuclides by photonuclear reac- with the production of specialized source configura-
tions on targets of stable nuclei. New calibration figures tions. A new class of tracers and images based on all
for 1%¢Sm, 188Re, 2*’Pa, and™*’Np were reported for the  carbon cage-like fullerences was described. Very small
NPL Secondary Standard Radionuclide Calibrator. Two amounts of radioendofullerenes containfi§jTc were
papers described techniques for electronically process-produced and characterized. In another paper, the
ing input pulse trains from detectors that in the first case preparation of calibration standards and working stan-
compared anticoincidence counting of low activities dards from a high purity oxide solution using mass
with normal background subtracted data, and secondly, spectrometry was described. The radioactivity concen-
subtraction of accidental coincidences and Compton tration was calculated using known half lives of the
scattered events by multi-channel time scaling tech- variously determined isotopic compositions. Finally, a
nigues iny-ray spectrometry. technical procedure for preparing mixed, electroplated

« %Ga: 4mB-y coincidence method

* Noble gases: by means of solid reference sources,
Monte Carlo calculations and previously calibrated
85Kr
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a sources of**U, 2! Am, and?**Cm in one instance and
233y, 2%py, and?**Cm in another. The observed energy
resolutions were 25 keV.

2.6 Low-level Measurements

Because low-level measurements, particularly envi-
ronmental measurements of radioactivity, have large
uncertainties and involve thepplicationof metrological
data to a specific area, they deviate from being classi-
fied under the heading of melogy in the classical
sense. Nevertheless the ICRM and national olegy

2.7 Nuclear Data

The acquisition of accurate nuclear data is, of course,
fundamental, not only to the development of archival
calibrations but also to their use. The development of a
calibration curve for a Ge detector depends critically on
vy-ray abundances. In the liquid scintillation
measurement of, sag- or B-particle emitters, the
knowledge of delayed states or the characteristics of
possible impurities is vital. The nuclear data sessions
were comprised of reports of recently measured nuclear
data of listed radionuclides given below with the re-

laboratories have invested considerable resources intoported work that was performed:

this area because, without this investment, the transfer of |
national standards would be uncontrolled. This is
because national standards are at very high activity ¢
levels compared to those in the environment and the
many problems encountered in the analysis of radio-
chemically complex matrices very often does not permit
easy calibration with a national standard. One of the
most effective methods for melogy transfer liesinthe o
development of natural matrix standards. It is important
that the community as a whole, including national
metrology and evironmental laboratories, participate

in developing these carefully calibrated test materials, to
ensure their acceptance and also to share the large
expense. Three papers dealt with the development of
natural matrix standards, two of which described new
standards, namely an intertidal sediment from the
Cumbrian coastline and a bone ash Standard Reference
Material. The other presented new information concern-
ing the chemical speciation of the radionuclidic content
in an ocean sediment. A standard protocol for the iden-
tification of geochemical fractions of radioactive
elements was a first step. Several papers reported one
environmental measurements using new techniques to,
characterize radionuclides of interest in particular
matrices as follows:

o 9MNp and®Nb: low-level radioactive wastes

o 28Cm/*Cm ratio: environmental samples exposed
to discharges from the nuclear fuel cycle
usinga spectrometry and spectral deconvolution

« *Co,: environmental airborne carbon dioxide using
passive sampling

o 9Sr: in bone ash.

A further paper describes the optimization of detec-
tion limits for the determination of the Sr/Ca mass ratio

in a human bone specimen using fast neutron activation

analysis.
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2%Cm: « particle emission probabilities
233Th, 23pg: half life measurements

238 decay chain: resolution of observed anomalies
in the measured secular equilibrium betwé&ih
and®**mPa

153Sm: y-ray emission probabilities

153h: determination of multipolarities and mixing
ratios of the mairy transitions following?*Sb decay
by means ofy-y angular correlation

28 electron capture transitions: calculations of frac-
tional electron capture probabilities

8Sr: measurement of the 909-12 keV y-ray emis-
sion probability

Fe: half life measurement and standardization

Radionuclides in the 24<Z<30 region:g K, inten-
sity ratios

128; ~-ray probability per decay

125MTe to'2°Sh: branching ratio

« 182Ta: y-ray-emission probabilities

« 22Rn and daughters: emission probabilities of the
main -y rays

« Eu radioisotopes: half life measurements

In addition, an assessment and evaluation of decay
data for nuclear reactor applications were performed.

2.8 Intercomparisons

Intercomparisons are critical at the international level
in establishing accepted national standards and at the
national or lower level, as a means for disseminating
these standards. The two sessions devoted to intercom-
parisons reported on these two aspects, separately.
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At the international level, all reported intercompari-
sons were performed under the auspices of either the
BIPM or the EUROMET. The BIPM sponsors the Inter-
national Reference System (SIR) which records relative
ionization chamber response to natiogiaby standards’
samples per Bg. A trial comparison of a solutiort8fr
was reported. The SIR system is being extended-to
andp-particle emitting radionuclides using LS counting
as the basis. The first such intercomparison was per-
formed with 10 laboratories submitting calibrated
aqueous solutions ofSr to BIPM. Results showed a
spread of the few tenths of one percent. The portability
of they-ray SIR through the development of ionization
chambers with configurations identical to the one at
BIPM was discussed and found to be feasible.

In the framework of the EUROMET intercomparison
program,®Fe, ®Ni, tritiated water, and**Xe were re-
ported, the latter two using gas counting. The develop-
ment of a Ge efficiency curve fd L Marinelli beakers
containing material with density values ranging from
0.14g L' to 1.7 g L* was reported.

At the national level reports were received from the
U.K. (radionuclide calibrator intercomparisons in U.K.
hospitals 1996%’Ga and'?®)); Canada (the Canadian
experience in performing accuracy checks on adminis-
tered doses of radiopharmaceuticals); Hungary (experi-
ence of 15 years on melogical supervision of radionu-
clide calibrators used in nuclear medicine); and Brazil
(analysis of the Brazilian intercomparison program
data—1991 to 1995—for radionuclide determination in
environmental samples).

3. Future Conference

The next ICRM conference will be held in Prague,
Czech Republic in 1999. The format is expected to be
similar to the one presently reported.

4. For More Information

The Conference proceedings are being published as a
special issue of Applied Radiation and Isotopes which is
planned to come out in March 1998. To obtain more
information about the next conference, or to be placed
on the mailing list, write to: Pavel Dryak, CMI,
Radiova 1, 102 00, Prague, CR Czech Republic, tele-
phone: 420 2 67008244, fax: 420 2 67008466, email:
prdyak@cmi.cz.
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